This paper proposes a new taxonomy for countries based on principal component analysis. The paper investigates 51 countries using a set of 13 indicators of economic and technological performance for the period 2000-2002. The methodology reduces the variables and groups the countries that show similar strategic behaviour in the global market. The taxonomy facilitates the identification of country performance and risk, and provides relevant information both to international investors and to policy-makers, who must decide about global investment strategies and economic policies.
I. Introduction
The crisis of international markets following recent events, such as terrorist attacks, wars in the East, and growing financial globalisation and integration, has scenario of the markets, uncertain for nations and international investors alike, it is essential to measure and evaluate country performance and risk (Merton 1974; Cruces et al. 2002; Nath 2004; Ortiz and Rodríguez 2002) . Country assessment is important because it also provides information on economic instability, probability of default (Balkan 1992 ) and so on. Country evaluation is difficult due to several factors, such as the lack of a liquid market, which makes it difficult to attribute a price to a country. Therefore, country assessment has very often been based on different approaches, such as balanced score cards, ratings, structural models, interest yield, etc. (Bouchet et al. 2003) .
A wide range of techniques commonly used in countrymetrics are based on multivariate statistics such as discriminant analysis and principal component analysis (PCA for short, see Scherer and Avellaneda 2000) . The purpose of this paper is to propose a taxonomy, which shows the strategic behaviour of countries in a global context. The methodology uses PCA to integrate the approaches based on multivariate analyses. This research fills a gap in the economic literature about country risk assessment because it extends the methodologies that use the PCA technique and it provides a simple classification scheme, which facilitates the identification both of economic and technological performance of countries, and of country risks. The results of the analysis can provide information both to international investors and to policy-makers, who must decide about suitable investments in foreign countries and economic policies in order to increase the economic growth and wealth of the nation.
Section II of this research introduces the theoretical framework. The methodology of analysis, which is based on multivariate techniques, is described in Section III. Section IV displays the results and findings of the research, using a data set of 51 countries and 13 leading economic and technological indicators for the period 2000-2002, whereas Section V deals with the concluding remarks.
II. Theoretical framework
Country risk assessment is based on three methodological approaches (Bouchet et al. 2003 ): a) qualitative approach to country risks, which refers to the assessment of the economic, financial and socio-political fundamentals that can affect the investment return prospects in a foreign country. Instead of focusing on a range of ratios or indices that are supposed to reduce a complex situation into one single figure, the qualitative analysis aims at tackling the structures of a country's development process to shed light on the underlying strengths and weaknesses; b) the ratings or rank-ordering comparative approach, which aims at providing an overall view of relative risk when facing foreign investment decisions. There are as many rating methodologies as there are rating entities, depending on different types of investment and the various sources of risk; c) econometric and mathematical methods, which may be synthesised as follows:
-Discriminant analysis (Altman 1968 (Eaton and Gersovitz 1987) , the measure of political risk as an insurance premium (Clark 1997) , and other approaches such as those of Kobrin (1979) , Chan and Wei (1996) , Bittlingmayer (1998) , and so forth. Oetzel et al. (2001) examine eleven widely used measures of country risk across seventeen countries during a nineteen-year time period. The results raise important questions about the usefulness of these measures and why managers still choose to use them.
As this research applies econometric methods, the present section focuses on these methodologies to clarify some of their most relevant aspects, which are used in the following paragraphs of the paper. The principal component analysis (PCA) is a mathematical method to determine the linear transformation of a sample of points in an N-dimensional space, which most clearly shows the properties of the sample along the co-ordinate axes. Along the new axes the sample variances are extremes (maxima and minima), and uncorrelated. PCA uses the historical variance/ covariance of a data set to extract a set of indices that best explain the variance of the data (Fabbris 1997) . The name PCA comes from the principal axes of an ellipsoid. PCA extracts components to maximise the proportion of variability explained by each component, subject to the orthogonality constraint. It proceeds sequentially. The first index generated by the methodology best explains the variance of the original data and is called the first principal component. After the first index is selected, the analysis proceeds to extract the index that explains as much as possible of the variance of the original data that is unexplained by the first principal component, given that this second index is constrained to be uncorrelated (orthogonal) with the first index. This index is called the second principal component. The process continues until the number of indices equals the number of variables in the data set (Bouchet et al. 2003) . The objectives of PCA are: a) to discover or to reduce the dimensionality of the data set; b) to identify new meaningful underlying variables. As the axes are rotated, the variable loadings change. One criterion to find the 'simplest' combination of loadings is the Varimax method, which uses the variance of the loadings to achieve a solution in which each loading is as close as possible to either 0 or 1. Factor loadings are correlation coefficients, thus if a variable has a large (absolute) loading it is highly correlated with a factor, while a small loading indicates no correlation. The aim of the Varimax rotation is to remove, as far as possible, loadings in the mid range (e.g.: 0.3 -0.7). Ideally, each variable will have a large loading for only one factor.
In a recent paper, Scherer and Avellaneda (2000) use the principal component analysis to study the Brady bond debt of Argentina, Brazil, Mexico, and Venezuela. They find that there are two statistically significant components or factors that explain up to 90% of the realised variance. The component that explains the most variance corresponds to variance attributable to regional (Latin) risk. The second component suggests the existence of a volatility risk factor associated with Venezuelan debt in relation to the rest of the region. A time-dependent factor analysis shows that the importance of the variance explained by the factors changes over time and that this variation can be interpreted in terms of market events, such as the Mexican peso crisis, the Asian economic meltdown, the Russian default and the devaluation of the Brazilian real (Bouchet et al. 2003) . Although there are several researches on country assessment, which apply econometric methods, the economic literature lacks a simple taxonomy based on multivariate approaches. The purpose of this paper is to apply the PCA to measure and evaluate the economic and technological performances of countries, in order to propose a new taxonomy. This taxonomy provides information to policy-makers about the strategic behaviour of countries within the global scenario in order to support economic policies necessary to increase the economic growth of countries and/or geo-politic areas.
Such a new taxonomy of countries is substantially easier and quicker to analyse than the approaches that use conventional methodologies.
III. Methodology
Taxonomies are meant to classify phenomena with the aim of maximizing the differences among groups. The term 'taxonomy' refers to the theory and practice of producing classification schemes. Thus, constructing a classification is a taxonomic process with rules on how to form and represent groups (Greek word: taxa), which are then named (Greek word: nomy). Taxonomies are useful, if they are able to reduce the complexity of the population studied into easily recallable macroclasses. Classification as an output (a product of the process of classifying) deals with how groups and classes of entities are arranged, according to the taxonomic approach used. This theoretical framework orders and represents complex phenomena in a simple manner through a matrix, a table, a map, etc.
The methodology used in this research to propose a taxonomy of country performance and risk, using economic and technological indicators, is based on the application of the multivariate analysis (Fabbris 1997) . In particular, it draws on the analysis of principal components, in order to orthogonalize the variables and reduce them, and to group the countries into categories based on high/low economic and technological performances. The sources of data are The Economist Intelligence Unit (EIU 2005) The following ten economic indicators are used for each country i ∈ {1, 2, …, 51}, because they provide information on the nation's wealth, as well as on economic stability, labour markets, and international economic position:
1. Gross Domestic Product (GDP) per head, in US dollars (USD) at PPP 1 ;
2. Growth of real GDP, given by % change per annum (p.a.) of real GDP;
3. Government consumption, as % of GDP;
4. Budget balance, as % of GDP 2 ;
5. Rate of inflation, given by % change p.a. of consumer prices (average);
6. Public debt, as % of GDP;
7. Labour costs per hour 3 , in USD;
8. Recorded unemployment, in % of labour force;
9. Foreign-exchange reserves, in millions of USD;
10. Current-account balance, as % of GDP.
On the other hand, the three technological indicators used are the basic indicators applied in all the analyses on the national systems of innovation (Lundvall 1992) . They provide relevant information on the capability of countries to produce scientific research and innovations (Sharif 1986) , which increase the productivity of firms and the economic growth of the nations (Lucas 1988; Romer 1990; Aghion and Howitt 1992) . They are given by:
11. Gross Domestic Expenditure on R&D (GERD), as % of GDP;
12. GERD per capita, in USD at PPP; foreign-exchange reserves, have stronger economic stability than countries with a high rate of inflation, recorded unemployment, value of budget deficit/GDP (budget balance/GDP is negative), and a low value of foreign-exchange reserves.
Remark: Economic stability (H1) is a necessary but not a sufficient condition to breed economic growth. It is necessary to point out the following hypothesis. The complexity and abundance of calculations, due to the high number of cases and variables, are overcome by the application of the SPSS® statistical package, which provides all the results described and analysed in Section IV.
IV. Results and findings
The analysis of the principal components (PCA), using the economic indicators, produces three new variables (principal components or factors). In fact, from the initial matrix of 51 (countries) × 10 (indicators), a new matrix is created with 51 (countries) ×3 (principal components or factors). Table 1 Table 3 ). and high values of GERD/GDP, GERD per capita, and total researchers per thousand labour force. Therefore, the trend of economic growth forecasts is going up, also thanks to the low cost of labour, due above all to the exploitation of weaker social classes and to the low bargaining power of trade unions (or complete lack thereof).
This typology includes some countries in Eastern Europe, such as Ukraine, as well as some Asian nations (Thailand and China).
HCR: High Country Risk is characterised by the fact that the main economic and technological indicators are very low (Table 3 ). In fact, the growth of real GDP, current-account balance/GDP, and all the technological indicators have very low and/or negative growth. The unstable structures of the economic system, as well as a very low economic growth, expose these countries to the risk of economicfinancial shocks. Examples are Argentina, Brazil, and other countries in Latin America (Clark and Kassimatis 2004) , as well as Asian nations (e.g.: Turkey and Sri
Lanka). Table 3 shows the arithmetic mean of economic and technological indicators of the four sets. 
